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Abstract 

We build on the success of AdS/QCD in predicting diffractive p meson production to obtain the transition form fac¬ 
tors for B decays to light mesons. Consequently, we predict several observables associated with B —> p£v semileptonic 
and B —» K*p^p^ dileptonic decays. Our predictions are compared to the available experimental data. 
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1. Introduction 

Rare B meson decays are excellent venues for preci¬ 
sion test of the standard model (SM) and search for new 
physics (NP) beyond it. The underlying quark processes 
for these decays are suppressed either due to small 
Cabbibo-Kobayashi-Mashawa (CKM) quark mixing or 
lack of flavor changing neutral current (FCNC) at tree 
level in SM. For example, the semileptonic B —> ptv 
decay can help with our knowledge of the least known 
CKM matrix element Vub- On the other hand, a rare B 
decay like B K*p^p~ occurs only through quantum 
loops, and is sensitive to new unknown particles that 
are predicted by various NP scenarios beyond the SM. 
These so-called exotic particles can appear as virtual en¬ 
tries in the loops and alter the decay rate and other as¬ 
sociated observables from what is expected within the 
SM. This indirect search for NP in rare B meson decays 
has been used to constrain various scenarios like super- 
symmetry and vector-like quark model. 
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In this talk, we report on a number of predictions for 
semileptonic B —> pfv and dileptonic B —> K*p^pr de¬ 
cays based on the anti-de Sitter/Quantum Chromody¬ 
namics (AdS/QCD)!!] 12]. The holographic light-front 
wavefunctions obtained from AdS/QCD are used to cal¬ 
culate the distribution amplitudes (DAs) of the p and K* 
vector mesons!?! 131. These DAs are then inserted in 
light-cone sum rules (LCSR) formulas for B ^ p, K* 
transition form factors !5|[6||7I. 


2. Transition form factors 


The nonperturbative QCD effects appear in the B —> 
y, V - p, K* transition matrix elements which are 
parametrized in terms of a number of form factors. Un¬ 
derstanding these form factors is crucial in theoretical 
calculation of the exclusive B meson decays to light 
mesons. Some or all of the 7 form factors defined below 
appear in semileptonic or dileptonic B decays; 
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(a) Twist-2 DA for the longitudinally polar¬ 
ized p meson 



(b) Twist-2 DA for the transversely polar¬ 
ized p meson 


Figure 1: Twist-2 DAs for the p meson. Solid: AdS/QCD DAs; 
Dashed: Sum Rules DAs. 
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(a) Twist-2 DA for the longitudinally polarized K* 
meson 



Z 


(b) Twist-2 DA for the transversely polaiized K* 


Figure 2: Twist-2 DAs for the K'" meson. Solid: AdS/QCD DAs; 
Dashed: Sum Rules DAs. 
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We use LCSR|[8]|9l to calculate the seven form factors in 
terms of the DAs of the light vector mesons. LCSR are 
variations of the traditional QCD Sum Rules whereby 
non-local matrix elements are expanded in terms of light 
front DAs. Using light-cone coordinates, x* = x“ + 
x-*- = x', x^, the two twist-2 DAs along with the 
two twist-3 DAs are dehned through the following 
relations IfTOl : 
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Ms and Mq are the masses of the strange quark and light 
anti-quark, respectively. Also, all the above-dehned 
DAs are normalized, i.e. 

r f ugi^‘‘’'’\u,p) ^ 1 

Jo Jo 


As X ^0, in Eqn. [^we recover the usual dehnition 
for the decay constant fy and /^; 


<0|^(0)/^(0)|y(P, e)) - /vMv6^ , (5) 

<0|^(0)[/, /]?(0)|y(P, e)) = 2/^(e^P’' - CP^^) . (6) 

The DAs which are commonly used in the literature 
are derived from QCD sum rules (SR). In the next sec¬ 
tion, we put forward alternative DAs which are obtained 
from AdS/QCD. 
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3. AdS/QCD holographic DAs 


The holographic light-front wavefunction for a vector 
meson (L — 0,S = 1) in AdS/QCD can be written asjT] 


<Pa{z, 0 = 

X 

with K - My I V2 and niq - niq or m ^ for p or K* re¬ 
spectively. A is the polarization of the vector meson. 
We have introduced the dependence on quark masses 
following a prescription by Brodsky and de Teramond 
in. This wavefunction for the p meson was success¬ 
fully used to predict diffractive p meson electroproduc¬ 
tion at HERAJTH. 

The relation between the wavefunction Q and DAs 
for p and K* was derived in ||3l|4l. Figures an d0 com¬ 
pare the two twist-2 DAs for these two vector mesons 
obtained from AdS/QCD and SR. 

Consequently, the AdS/QCD predictions for B —> 
p, K* form factors can be computed via LCSR. One 
should note that LCSR results are valid at low to inter¬ 
mediate values of the momentum transfer q^. Figure 
1^ illustrates the AdS/QCD predictions for two B ^ p 
form factors V and Ti when 3 different values of the 
quark mass are used. Our results for the all 7 form fac¬ 
tors for this transition can be found in Q. The data 
points on this figure are from lattice calculation which 
are available at high To calculate the differential 

branching of the semileptonic B —> pfv decay, we find 
two-parameter fits for the form factors using AdS/QCD 
predictions at low to intermediate and lattice data at 
high <7^ Is). 

Figurej^shows the AdS/QCD prediction for B ^ K* 
form factors V and T i as compared with those obtained 
from SR. The data points at high q^ are from lattice 
calculations ||T41 . Our results for the full set of B ^ K* 
transition form factors can be found in El. Similar to 
B ^ p case, we use two-parameter fits to AdS/QCD 
and lattice data combined for the form factors and use 
them in our numerical computations. 
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4. Numerical predictions for observables 



Figure 3: Differential decay rate for the semileptonic B —» ptv decay. 
The lattice data points are from UKQCD Collaboration. 


this figure are lattice predictions generated by UKQCD 
Collaboration lfT3l . 

BaBar collaboration has measured the partial branch¬ 
ing fractions for this decay channel in three q^ bins lfTSl : 
AB,„ = (0.564 + 0.166) x lO^^, = (0.912 + 

0.147) X 10-4 and = (0.268 + 0.062) x 10^4 for 
0 < q^ <%, 2, < q^ < 16 and 16 < q^ < 20.3 GeV^ 
respectively. To eliminate the uncertainty in Vuh when 
comparing our results with the above data, we take the 
ratios of the partial branching fractions as defined be¬ 
low: 

K. = ^= 0.618 + 0.207, 

= ^= 0.294 + 0.083. (8) 

Our AdS/QCD predictions for these ratios are = 
0.580,0.424 and = 0.427,0.503 for = 0.14 
GeV, 0.35 GeV. It seems that better agreement with data 
is achieved at low q^. 

Our results for the differential branching ratio and 
isospin asymmetry distribution in B —> are 

shown in Figure Data points for the branching ra¬ 
tio are from LHCbjThl and the prediction is given with 
(solid curve) and without (dashed curve) the cc res¬ 
onance contributions. Our AdS/QCD prediction for 
the isospin asymmetry distribution in B ^ K*p^p~ 
in Figure is presented (solid curve) with an uncer¬ 
tainty band due to the renormalization scale variation 
from mhf 2 to 2mh. The data points are from LHCb and 
PDGlfT7lfT8l. For comparison, we also include the SR 
predictions (dashed curve) for isospin asymmetry distri¬ 
bution. Our prediction for asymmetry at ^^ = 0 (rele¬ 
vant to B —> K*y) is consistent with experimental data. 


The differential decay rate of the semileptonic B 
pCv is sensitive to Vut- Figure shows our AdS/QCD 
prediction for the differential decay rate divided by 
\Vub?' for two different quark masses. The data points on 
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Figure 4: The AdS/QCD prediction for B p transition form factors 
V and Ti for 3 different quark mass inputs. The available lattice data 
at high are shown as well. 




Figure 5: The AdS/QCD prediction for B —> K* transition form 
factors V and T i. The solid curve denotes AdS/QCD. The dashed 
curve denotes the AdS/QCD lit. The dotted curve denotes the fit to 
AdS/QCD and lattice. The available lattice data at high q^ are shown 
as well. 



Figure 6: The AdS/QCD prediction for B K*p*p^ differential 
branching ratio and isospin asymmetry distribution. The differential 
branching ratio is predicted with (solid curve) and without (dashed 
curve) cc resonances. In the isospin asymmetry graph, AdS/QCD pre¬ 
diction (solid curve) is presented with an uncertainty band and com¬ 
pared with SR expectation (dashed curve). 
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